Epidemics of Coronavirus Disease 2019 now have more than 100,000 confirmed 34 cases worldwide. Diagnosis of COVID-19 is currently performed by RT-qPCR methods, but the 35 capacity of RT-qPCR methods is limited by its requirement of high-level facilities and instruments.
Introduction 58
SARS-CoV-2 is the causative viral pathogen of COVID-19 of which the outbreaks resulted in 59 857,641 confirmed cases involving 42,006 deaths over 206 countries, areas or territories as of April 2, 60 2020 (https://www.who.int/emergencies/diseases/novel-coronavirus-2019, ). As the name suggests, 61 SARS-CoV-2 is closely related to a group of severe acute respiratory syndrome-related coronaviruses 62 (SARSr-CoV), namely subgenus Sarbecovirus, showing 96% identity to a bat coronavirus 1, 2 .
63
Diagnosis of COVID-19 can be done through CT scan of suspicious patients and confirmatory 64 lab test is performed using published RT-qPCR methods [3] [4] [5] [6] 
71
To overcome such cost-restriction of RT-qPCR and still detect pathogens' nucleic acids, 72 isothermal amplification methods have been developed 8 . Among such methods, Loop-mediated 73 isothermal amplification (LAMP) method has some advantages to be applied for point-of-care test 74 (POCT) 9 . Well optimized LAMP assay shows sensitivity comparable to that of PCR, less than 10 75 copies per reaction 10 . Intercalating fluorescent dyes are compatible with LAMP reaction so that we can 76 observe amplification in real-time 11 . Because amplification efficiency of LAMP reaction is very high,
77
changes in reaction mixture components made it possible to detect the result with colorimetric detection 78 methods 12-14 . Moreover, unpurified sample can be directly used for LAMP [15] [16] [17] . This indicates that high-
79
throughput test is possible when use of unpurified specimen is combined with non-instrumental (e.g. 
81
In this study, we designed and evaluated one-step reverse transcription LAMP (RT-LAMP) 82 methods to detect SARS-CoV-2. We provide a pair of LAMP primer sets that is specific to SARS-CoV-2 83 5 and accompanying optimized reaction conditions. The lauco crystal violet (LCV) method was applied to 84 achieve colorimetric detection of LAMP reaction 13 
8
Second round of screening was done using Bst 3.0. The same amount of cDNA as the first round of 158 screening is used. Two primer sets that showed relatively early non-specific amplification are discarded 159 and remaining seven primer sets are subjected to further screening.
160
Third and fourth rounds of screening were done by checking sensitivity to dilutions of cDNA and RNA, 161 respectively. Five out of seven primer sets showed specific amplification for at least one replicate of 162 duplicate with cDNA concentration corresponding to 1.7 x 10 1 copies of input RNA (Supplemental 163 Figure S1 ). Next, we evaluated sensitivity of the five primer sets to RNA dilutions in RT-LAMP using Bst 164 3.0 and SuperScript IV Reverse Transcriptase. Two primer sets, both targeting Nsp3, showed best 165 sensitivity that showed specific amplification at 10 -6 dilution of RNA ( Figure 1 ). We also added two 166 primer sets, one targeting S and the other targeting N, for reaction optimization experiments as they 167 showed fast threshold time for cDNA and to keep ranges of target genes. Primer sequences are 168 represented in Table 1 . and Mg 2+ 6 mM for "Nsp3_1-61" (Tt_av = 11.93), dNTP 1.4 mM and Mg 2+ 8 mM for "Nsp3_2-24" (Tt_av 178 = 7.74), dNTP 1.4mM and Mg 2+ 6mM for "S_1-2-2" and "N_21" (Tt_av = 11.08 and 5.50, respectively).
179
Next, we checked if amplification is improved at lower temperature (65℃) because optimal 180 reaction temperature of SuperScript IV Reverse Transcriptase is 50-55℃ and manufacturer 9 recommend 65-72℃ for optimal performance of Bst 3.0. Notably, "Nsp3_1-61" and "S_1-2-2" primer 182 sets show improved threshold time (Tt_av = 8.92 and 8.49, respectively).
184
Assessing Limit of Detection and Cross-Reactivity
185
The Limit of Detection (LoD) of optimized RT-LAMP assays were assessed through 5 to 1000 186 RNA copies/reaction in triplicate. Among four primer sets subjected to reaction optimization, "S_1-2-2" 187 and "N_21" sets showed relatively poor sensitivity. For "Nsp3_1-61" and "Nsp3_2-24" primer sets, we In this study, we designed and screened LAMP primer sets targeting SARS-CoV-2. Reaction 197 optimization was also performed for selected primer sets. In summary, we designed and evaluated a 198 pair of RT-LAMP assays for detection of SARS-CoV-2 with limit of detection of 100 copies per reaction.
199
Our RT-LAMP assays showed specificity to SARS-CoV-2 versus alphacoronavirus (hCoV-229E), 
10
About the sensitivity of LAMP assays, note that average threshold time is not well correlated 206 with limit of detection. In fact, average threshold time of "S_1-2-2" and "N_21" primer sets for 1000 207 copies were faster than that of "Nsp3_1-61": 7.33 (RPR: 2/3) and 5.06 (RPR: 1/3) minutes, respectively.
208
This dis-relation is previously reported 22 .One peculiar observation is that both "S_1-2-2" and "N_21" 209 showed good sensitivity to cDNA template (Supplemental Figure S1 ) unlike to RNA. Observed 210 difference of sensitivity to RNA and cDNA seems significant even we account slight amplification that 
214
The limit of detection of RT-LAMP assays suggested in this study, 100 copies per reaction, 215 may not enough for sensitive screening of suspicious patients. This relatively high limit of detection 216 would be from the target sequences used for primer design that are selected by specificity versus 217 SARS-CoV. Indeed, target GC percentage and Tm of primers had to be adjusted to get enough number 218 of starting sets for primer screening during LAMP primer design to give less-optimal primer sets.
219
Therefore, there might be better target sequences for LAMP assay of SARS-CoV-2 in the view point of 220 sensitivity. However, expected high specificity of RT-LAMP assays suggested in this study would be a 221 good feature for a confirmatory test. In addition, considering high viral load of SARS-CoV-2 at early 222 stage after symptom onset 23 , suggested RT-LAMP assays may still be usable for screening tests.
223
In conclusion, we developed highly specific RT-LAMP assays for detection of SARS-CoV-2.
224
The results of these RT-LAMP assays can be detected within 30 minutes after amplification reaction 225 begin. In addition, we provided optimized reaction conditions to which LCV colorimetric detection 226 method is applied that can be used for point-of-care tests. 
